In this research article, we introduce a new iterative method for solving a fixed point problem of continuous functions on an arbitrary interval. We then prove the convergence theorem of the proposed algorithm. We finally give numerical examples to compare the result with Mann, Ishikawa and Noor iterations. Our main results extend the corresponding results in the literature. MSC: 47H09; 47H10
Introduction
Let C be a closed interval on the real line and let f : C → C be a continuous function.
A point p ∈ C is called a fixed point of f if f (p) = p.
One classical way to approximate a fixed point of a nonlinear mapping was introduced in  by Mann [] as follows: a sequence {x n } defined by x  ∈ C and x n+ = ( -α n )x n + α n f (x n ) (.) for all n ≥ , where {α n } is a sequence in [, ] . Such an iteration process is known as Another classical iteration process was introduced by Ishikawa [] as follows: a sequence {x n } defined by x  ∈ C and y n = ( -β n )x n + β n f (x n ), In , Noor [] defined the following iterative scheme by x  ∈ C and
for all n ≥ , where {α n }, {β n } and {μ n } are sequences in [, ] . Such an iterative method is known as Noor iteration. Phuengrattana and Suantai [] considered the convergence of Noor iteration for continuous functions on an arbitrary interval in the real line.
In this paper, motivated by the previous ones, we introduce a new modified iteration process for solving a fixed point problem for continuous functions on an arbitrary interval in the real line. Numerical examples are also presented to compare the result with Mann, Ishikawa and Noor iterations.
Main results
We begin this section by proving the following crucial lemmas.
Lemma . Let C be a closed interval on the real line (can be unbounded) and let f : C → C be a continuous function. Let {α n }, {β n }, {μ n }, {γ n } and {τ n } be sequences in [, ] with  ≤ τ n + β n ≤  and  ≤ γ n + α n ≤ . Let {x n } be a sequence generated iteratively by x  ∈ C and
Proof Let x n → a and suppose a = f (a). Then {x n } is bounded. So, {f (x n )} is bounded by the continuity of f . So are {y n }, {z n }, {f (y n )} and {f (z n )}. Moreover, z n → a since x n → a and μ n → . We also have y n → a since z n → a and β n → .
From (.) we obtain
So, from (.) we obtain
It is easy to see that
This shows that {x n } is a divergent sequence since lim k→∞ r k =  and ∞ k= α k = ∞. This contradicts the convergence of {x n }. Hence f (a) = a and a is a fixed point of f . Lemma . Let C be a closed interval on the real line (can be unbounded) and let f : C → C be a continuous function. Let {α n }, {β n }, {μ n }, {γ n } and {τ n } be sequences in [, ] with  ≤ τ n + β n ≤  and  ≤ γ n + α n ≤ . Let {x n } be a sequence generated iteratively by x  ∈ C and
Proof Suppose {x n } is not convergent. Let a = lim inf n x n and b = lim sup n x n . Then a < b.
Since {x n } is bounded and f is continuous, {f (x n )} is bounded. Hence {z n }, {y n }, {f (z n )} and {f (y n )} are all bounded. Using
we can easily show that |z n -x n | → , |y n -x n | →  and |x n+ -x n | → . Thus there exists a positive integer N such that for all n > N ,
For x k , there exist two cases as follows.
We observe that
From (.), (.) and (.), we have 
Hence, we obtain
Similarly, we obtain x M = x M+ = x M+ = · · · . So, we conclude that x n → x M . Since there exists x n k → a, x M = a. This shows that x n → a, which is a contradiction.
(ii) For all n, x n ≤ a or x n ≥ b. Since b -a >  and lim n→∞ |x n+ -x n | = , there existsN such that |x n+ -x n | < (b-a)  for n >N . So, it is always that x n ≤ a for n >N ; or it is always that x n ≥ b for n >N . If x n ≤ a for n >N , then b = lim l→∞ x n l ≤ a, which is a contradiction with a < b. If x n ≥ b for n >N , then a = lim k→∞ x n k ≥ b, which is a contradiction with a < b. Thus we conclude that x n → a. This completes the proof.
We are now ready to prove the main results of this paper.
Theorem . Let C be a closed interval on the real line (can be unbounded) and let f :
C → C be a continuous function. Let {α n }, {β n }, {μ n }, {γ n } and {τ n } be sequences in [, ] with  ≤ τ n + β n ≤  and  ≤ γ n + α n ≤ . Let {x n } be a sequence generated iteratively by x  ∈ C and
If {x n } is bounded, then {x n } converges to a fixed point of f .
Proof Let {x n } be a bounded sequence. Then, by Lemma (.), {x n } is a convergent sequence. Hence, by Lemma (.), it converges to a fixed point of f .
As a direct consequence of Theorem ., we obtain the following result. with  ≤ τ n + β n ≤  and  ≤ γ n + α n ≤ . Let {x n } be a sequence generated iteratively by x  ∈ C and 
If we take τ n = γ n = , then we obtain the following result.
Corollary . Let C be a closed interval on the real line (can be unbounded) and let f : C → C be a continuous function. Let {α n }, {β n } and {μ n } be sequences in [, ] . Let {x n } be a sequence generated iteratively by x  ∈ C and
Then {x n } converges to a fixed point of f if and only if {x n } is bounded.
If we take τ n + β n =  and γ n + α n = , then we obtain the following result.
Corollary . Let C be a closed interval on the real line (can be unbounded) and let f : C → C be a continuous function. Let {α n }, {β n } and {μ n } be sequences in [, ] . Let {x n } be a sequence generated iteratively by x  ∈ C and 
Numerical examples
In this section, we give numerical examples to demonstrate the convergence of the algorithm defined in this paper. For convenience, we call the iteration (.) the CP-iteration. 
